General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



M 


wmm 



NASA TMX- 73424 


(N1SA-TR-X-73U24) AE50DYNAHIC AND ACOUSTIC 'BinA.'jTitQ 

PEFFC6 HANCE CF A CO NT FACT r NG CONL HIGH -27166 

theoai hach ruhee? inlet installed on nasa 

QUIET ENGINE C (NASA) 20 p HC $3.50 Unclas 

C SCI 61 A G3/C2 42394 


AERODYNAMIC AND ACOUSTIC PERFORMANCE OF 
A CONTRACTING COWL HIGH THROAT MACH NUMBER 
INLET INSTALLED ON NASA QUIET ENGINE "C" 

by Harry E. Bloomer and John W. Schaefer 
Lewis Research Center 
Cleveland, Ohio 44135 




TECHNICAL PAPER to be presented at 

Third Aero -Acoustics Conference sponsored by 

the American Institute of Aeronautics and Astronautics 

Palo Alto, California, Jui> °0-23, 1976 


JUL 1976 

RECEIVED 

NASA 3TI FACIUiTj • v >; 

JN. UT BRANCH 

I I 








AERODYNAMIC AND ACOUSTIC PERFORMANCE OF A CONTRACTING COWL HIGH THROAT 
MACH NUMBER INLET INSTALLED ON NASA QUIET ENGINE "C" 



Harry E. Bloomer and John W. Schaefer 
National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 




Abstract 


The purpose of this experimental program was to 
evaluate the approach and takeoff performance of a 
contracting- cowl variable geometry design Inlet Installed 
on a hi gn- bypass ratio turbofan engine. The design was 
finalized after consideration of aerodynamic, acoustic, 
and mechanical factors which would lead to a viable 
flight-worthy inlet concept. The aerodynamic results 
are presented in terms of inlet recovery and distortion 
parameter as fnnctiors of throat Mach number, and 
acoustic results in terms of Perceived Noise Level. 

The contracting cowl high throat Mach number inlet is 
shown to be an attractive means to reduce forward radi- 
ated noise from a high bypass ratio turbofan engine. 


introduction 


compared to data obtained with a baseline cylindrical in- 
let which had a bellmouth to assure smooth inflow condi- 
tions to the engine. Empirical inlet surface Mach num- 
ber distributions as w-ell as flow variations are compared 
to results from an analytical program. ,7 ' Some opera 
tional problem aspects of using high Mach number inlets 
on turbofan engines are also discussed. 

Apparatus and Procedure 
Facility Description 

The test program was performed at the Engine Noise 
Test Facility located at Lewis Research Center adjacent 
to, but sufficiently far from the Flight Research Building 
so that accurate acoustic measurements could be ob- 
tained. The facility is shown schematically in Fig. 1. 


To achieve turbofan inlet noise reductions, many 
types of sonic and near- sonic variable- geometry Inlet 
configurations have been proposed. Of all the inlet con- 
cepts studied for CTOL application, the contracting cowl 
configuration was considered to be the best compromise 
from the standpoint of mechanical, aerodynamic, and 
acoustic design potential. The purpose of the experi- 
mental program reported herein was to evaluate the ap- 
proach and takeoff performance of a contracting- cowl 
variable- geometry design inlet installed on a high- 
bypsss- ratio turbofan engine. 

NASA's Quiet Engine "C" was selected for tests of 
the high Mach number inlet. The Inlet design was final- 
ized by the engine contractor and reviewed and approved 
by NASA personnel after consideration of aerodynamic, 
acoustic, and mechanical factors which would load to a 
viable Tight worthy inlet concept. The design procedure 
used on a similar inlet by the same contra tor Is report- 
ed *n Ref : Some previous work on various high throat 

Mach number L nlot concepts is reported in Refs. 2 to 6. 


The microphone (1?) are at the same height as the 
engine centerline 3. 96 meters on a 45. 7- meter radius 
spaced every 10° from the inlet axis to 160°. Also, the 
reflecting plane is hard pavement. Engine operation is 
controlled from the flight research building where the 
noise Instrumentation and analysis equipment are located. 

Engine Description 

The NASA Quiet Engine "C", a low noise technology 
turbofan demonstrator, was designed, built, and acous- 
tically evaluated under the NASA/GE Experimental Quiet 
Engine Program. The 97 900- newton (22 000- lb) thrust 
class turbofan consisted of a newly developed, high tip 
speed, single-stage fan. It was deeigned, at the altitude 
cruise condition, for a corrected tip speed of 472 m/sec 
(1550 ft/ sec) at a bypass pressure ratio of 1.6 and with 
a corrected fan flow of 415 kg/sec (915 lb/ sec). The fan 
had 26 unshrouded rotor blades and 60 outlet guide vanes 
Further details are presented in Ref 6. 

High Throat Mach Number Inlet Design 


To minimize costs of the test hardware fixed- 
geometry approach ami takeoff inlet contours conforming 
to the postulated variable geometry dosign were fabri- 
cated. They were Installed on Quiet Engine "C" and 
tested ai static conditions in the Engine Noise Test Facil- 
ity of the NASA Lewis Research Center. The approach 
pnd takeoff high Mach number inlet configurations were 
run over a r ange of throat Mach numbers from about 0. 5 
‘o choked by varying corrected fan speed. Both aerody- 
namic and aroiumr data were obtained, analyzed, ana 


The selection of the final design concept of the inlet 
was based upon the noise reduction potential, the aero- 
dynamic performance potential, and considerations of 
the required mechanical design complexity, weight, 
sealing problems, and ease of controllability The final 
selection of the contracting cowl concept was deemed in 
be a viable, flight- worthy variable- geometry’ inlet con- 
cept for a CTOL application. A photograph of the take 
off cor-figuration is presented in Fig. 2. 
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The final aerodynamic contours are presented in 
Fig. 3. The flight cowl and the cruise contour are 
shown as dashed lines since neither was tested. A 
small bellmouth or static test lip was provided in order 
to approximate the throat flow conditions to be expected 
at the takeoff and approach flight conditions. 

The high throat Mach number inlet front view pre- 
sented in Fig. 4 Indicates the radial panel positions for 
the approach, takeoff, and cruise positions. TLe 12 
wedges are designed to minimize leakage as the 
constant-width panels move radially between the ap- 
proach and cruise positions. In the approach position, 
only the wedge tips, half circular in cross-section and 
about 1. 3 cm wide remained on the stream at the throat 
plane. In the takeoff position, the wedge cross-sections 
block only 2. 24 percent of the total throat area. 

Shown in Fig. 5 are the three design conditions 
which were finalized, cruise, takeoff, and approach with 
an open fan nozzle. The fan nozzle was opened as far as 
practicaole for the approach position in order to re<hice 
the throat area variation required from 46 to 33 percent 
of the cruise area. An average throat Mach number of 
0. 865 was selected as the design point for takeoff and 
approach and test variables were set so that both inlet 
configurations could be tested over a range of throat 
Mach numbers from about 0. 25 to choked flow conditions 
by varying corrected fan speed. 

Presented in Fig. 6 are the contour area ratios of 
the two configurations tested as a functi on of the dis- 
tance upstream of the fan leading edge. The equivalent 

conical diffusion angles are 9° and 12^ for the takeoff 
and approach configurations, respectively. A conven- 
tional design equivalent conical diffusion angle for a 
fixed geometry subsonic CTOL (DC 10) inlet is about 11°. 

The fixed- position hardware used herein v'as de- 
signed so that the wedges could be removed and ;hat 
either hard panels or acoustic suppression panels could 
be tested. A schematic of the acoustic panels is pre- 
sented in Fig 7. The same acoustic panels were used 
In both the approach and takeoff configurations. The 
acoustic design selected had been previously utilized in 
tests of NASA Quiet Engine " C". ^ ^ 

The contracting cowl inlet installed on Quiet Engine 
"C" at the NASA Noise Facility is shown in Fig. 6. 

Experimental Methods 

Aerodynamic and acoustic data were obtained o er 
a range of corrected fan speeds of 43 to 97 percent of 
design for the takeoff configurations of the high throat 
Mach number inlet and 43 to 72 percent for the approach 
configurations. 



The acoustic instrumentation and data recording 
system had a flat response over the frequency range ot 
interest (50 to 20 000 Hz). Data signals were FM re- 
corded from ail channels simultaneously on magnetic 
tape. Each of the three samples for a given corrected 
fan speed was reduced separately by using a 1/3- octave- 
band analyzer. The resulting sound pressure levels 
were arithmetically averaged, adjusted to standard day 
atmospheric conditions and side-line perceived noise 
levels were calculated using the standardized procedures 
presented in Ref. 9 

Aerodynamic instrumentation was located in planes 
identified in Fig. 9. The pressures, temperatures, and 
other outputs were received as millivolt signals by the 
facility data system, digitized and transmitted from a 
local minicomputer to a remote data collector system 
by land- line. A large laboratory’ eomputor then reduced 
the data to appropriate aerodynamic parameters. Some 
| data from the traversing probes (fan inlet instrumenta- 

I tlon planes) were reduced in the facility minicomputer 
and final data on air flow, Mach number, velocity, pres- 
sure recovery and total pressure distortion were pro- 
duced. 

Some in- duct acoustic data were obtained using tra- 
versing probes at the aforementioned fan inlet instru- 
| mentation plane and also at the fan- outlet bypass duct 
j plane located about 15 cm downstream of the fan outlet 
guide vanes. 

Surface Mach numbers were calculated from the 
wall static pressures and the ambient total pressure. 
Thrust was measured with a load cell and corrected for 
the axial component of the forward quadrant wind inlet 
momentum. 

Total pressure recovery was calculated first by in- 
tegrating the total pressure probe traverses in and out 
for both probes. The results were averaged except for 
the configurations with wedges (configurations 1 and 3). 
These total pressures were weighted according to the 
total percent area blockage of the wedges at the throat 
(approx. 2.2 percent). The resulting total pressure at 
the fan inlet plane was then divided by the ambient pres- 
sure to yield recovery. 

For the computation of total pressure distortion 
at the fan inlet instrumentation plane, the tra- 

max 

versing total pressure was used and the outer 10 percent 
of the annulus was excluded in determining the minimum 
pressure (five element equal- area- weigh ted convention). 

Results and Discussion 

The aerodynamic results are presented in terms of 
inlet recovery and distortion parameter as functions of 
one- dimensional throat Mach number. Experimental 


surface Mach number distributions are compared to 
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analytical program results. ' ' Measured corrected 
thrust values are also presented as a function of cor- 
rected fan speed. 

The acoustic results are presented in terms of 
305- meter sideline Perceived Noise Level at a 60° for- 
ward angle. Combined aerodynamic and acoustic re- 
sults are characterized In terms of inlot recovery as a 
function of acoustic suppression at the 60° forward an- 
gle. Some operational problem aspects of using high 
throat Mach number inlets on turbofan engines are also 
discussed. 

Aerodynamic Performance 

Typical total and static pressure profiles measured 
at the fan Inlet Instrumentation plane are presented In 
Fig. 10 for the takeoff configuration 1, for a calculated 
average throat Mach number of 0. 866 and a corrected 
thrust of 97 900 newtous (takeoff). The pressure tra- 
verses for configuration 3 (hard) are not presented but 
are exactly the same (within instrumentation accuracy) 
as configuration 1 (soft). The traverses between the 
wedges (Fig. 10(a)) Indicate a boundary layer of about 
8 cm In thickness. The traverses behind the wedges 
(Fig. 10(b)) indicate a thicker combined wake and bound- 
ary layer which extends about 12 cm from the wall. The 
boundary layer rake data at the fan Inlet instrumentation 
plane (not presented) confirm ed the total pressure trends 
at the outer 14 cm of the flow passage. The average of 
the two total pressure traverses from Fig. 10(a) Is 
shown for reference. The peak In both total and static 
pressures at 34 cm from the wall Is believed to result 
from the ground vortex which 1 b visible at high fan 
speeds under certain atmospheric conditions. The vor- 
tex was apparently not encountered by the probe on Its 
Inward traverse. This result Is not surprising that It 
meanders continually during engine operation. 

Typical total and static pressure profiles for the 
approach configuration (4) measured at the fan Inlet In- 
strumentation place are presented in Fig. 11. The cal- 
culated one- dimensional throat Mach number for these 
profiles Is 0. 73 and the corrected thrust Is about 44 000 | 
newtons. The boundary layer thickness at this condition , 
is about 20 to 24 cm and the almost total lack of airflow | 
in the outer 4 cm (Fig. 11(a)) indicates an incipient total 
separation condition. The traverses at the top of the 
Inlet (Fig. 11(a)) Indicate a more marginal flow condi- 
tion than the bottom of the Inlet (Fig, 11(b)) as eyldenoed 
by lower flow (less dynamic pressure) in toe outer 
30 cm of toe flow passage. The difficulty In maintaining 
engine steady- state conditions is evidenced by toe sepa- 
ration of the pressure traces during toe 2 minutes re- 
quired to traverse both directions ss shown in both Figs. 
11(a) and (b). , 
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To better evaluate the effects of these high Hi mat 
Mach number inlet configurations on pressure recovery 
and distortion, typical static and total pressure profiles 
at the fan Inlet Instrumentation plane for a baseline cy- 
lindrical inlet are presented in Fig. 12. The calculated 
thront Mach number Is 0. 22 and the corrected thrust is 
equal to takeoff. The boundary layer thickness is about 
4 cm (much thinner than Figs. 10 and 11) and the pres- 
sure traces are very smooth In comparison to Figs. 10 
and 11. Obviously, contoured Inlets with equivalent 

i° 

conical diffusion angles from 9 (takeoff) to 12£ (ap- 
proach) produce significantly higher flow distortions 
than cylindrical Inlets at static test conditions. 

The comparisons of potential flow analyses ^ with 
experimental data for the takeoff and approach contours 
are presented in Fig. 13. The data for the takeoff con- 
tour (Fig. 13(a)) closely agree with the calculated wall 
Mach numbers for a data point whose calculated throat 
Mach number equaled the analytical choking average 
throat Mach number of 0. 92. The data points down- 
stream of the throat fall above the analysis results be- 
cause the Increase in boundary layer thickness and the 
resulting Increase In average Mach number was not in- 
cluded In the analytical curves. It is seen that the flow 
Is supersonic over a significant area in the region of the 
throat. 

The data for the approach contour (Fig. 13(b)) follow 
the analysis from the highlight until a few. centimeters 
upstream of the throat. The peak wall Mach number is 
not reached until about 20 cm downstream of the throat 
for the highest corrected fan speed data points. These 
data also Indicate a definite shock formation at this 
point which can lead to a recovery loss and an intermit- 
tent flow separation which will be discussed later. 

Again, for the reason previously stated, the calculated 
wall Mach number tends to fall higher than the analysis 
downstream of the point where the peak wall Mach num- 
ber 1 b attained. 

The inlet recovery is presented as a function of 
average throat Mach number in Fig. 14. The design- 
point estimated recovery values are also shown as are 
the choking throat Mach numbers obtained from the 
analyses. 

There is essentially no difference in the data trends 
for configurations 1 and 3. The presence of the acoustic 
Bupprecslon surface apparently has no measureable ef- 
fect on recovery. Configuration 2, without wedges, has 
a slightly higher recovery because there are no wedge 
wakes. Since the wedges block only about 2 percent of 
the throat area, they were not expected to affect overall 
Inlet recovery markedly. Hard choking (which is de- 
fined as that average throat Mach number at which no 
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further flow increase can be obtained with further re- 
duction in downstream pressure) is attained at an aver- 
age throat Mach number of 0. 925 for die takeoff config- 
urations. Further slight increases in fan speed in an 
attempt to Increase flow result only in decreased inlet 
recovery. At design throat Mach number of 0. 865, 
takeoff design recovery is 0. 970; configurations 1 and 3 
have recoveries of about 0. 986; configuration 2 has a 
recovery of about 0. 988. 


For the approach configurations, recovery at throat 
Mach numbers below 0. 5 coincide with the takeoff con- 
figurations. However, at throat Mach numbers above 
0. 68, recovery falls off rapidly from a level of 0. 987 to 
about 0. 95 at a Mach number of about 0. 74. This rapid 
falloff occurs because of intermittent flow separation in 
the inlet. This condition is manifested as a low fre- 
quency (1 to 2 Hz' audible rumble and an accompanying 
Intermittent disappearance of the condensation curtain 
across the throat region which occurs during supersonic 
shock formations. 

It is possible that the aforementioned condition dur- 
ing static tests for the approach configurations is en- 
tirely different than that which would occur at a forward 
velocity comparable to approach flight. Such a differ- 
ence was reported in Ref. 10 and will be discussed later. 

Inlet distortion parameter at the fan inlet instru- 
mentation plane as a function of the throat Mach number 
1 b presented in Fig. 15. As would be expected, the dis- 
tortion behind the wedges is higher than between wedges 
over the range of Mach numbers below the hard choked 
condition for the takeoff configurations. Once hard 
choking Mach number is reached, the distortion pa ram- | 
eter rises precipitously. 


The approach configuration has a relatively low 
distortion parameter (less than 0. 05) until the throat 
Mach number exceeds 0.68. The distortion parameter 
then rises rapidly with throat Mach number until inter- 
mittent separation occurs. 


The discussion of the inlet* s effect on the engine 
performance would not be complete without some refer- 
ence to engine corrected thrust levels. Therefore, 
presented in Fig. 16 are the corrected thrust values for 
various takeoff configurations (along with the baseline 
configuration) as functions of corrected fan speed. 

Within the accuracy of the thrust measurement (±1 per- 
cent), none of the configurations are different from the 
baseline at thrusts less than rated takeoff. The trends 
do show, however, that configuration 2 (without wedges 
hard) has somewhat higher thrust at corrected fan 
speeds a he e 78 percent of rated. As each configuration 
reaches "choked" inlet conditions the thrust trend 
"bends over" with respect to corrected fan speed. The 




ambient wind speed ar.d direction v/ere observed to af- 
fect recovery and thrust to some degree. 

Corrected specific fuel consumption results (Fig. 17) 
do show that the baseline configuration is lower than the 
other configurations by about 2 percent over the range 
of corrected fan speeds except where inlet flow condi- 
tions approach " choking. " However, the cruise contour 
(which was not tested) is of much more interest to the 
designer who is trying to coax more range and lower 
D. O. C. out of his airplane. The lower design throat 
Mach number (0. 7) and the rather conventional diffuser 
design of the cruise contour should give one confidence 
that little or no penalty in s. f. c. should be expected with 
this inlet design. 

Acoustic Performance 

Far field noise measurements at takeoff thrust are 
presented in Fig. 18. Sideline Perceived Noise Level 
PNL is shown as a function of angular position from the 
inlet for the baseline and the takeoff configurations. The 
effect of the high throat Mach number inlets is very evi- 
dent in the forward quadrant. At the 60° angular posi- 
tion, the noise is suppressed as much as 15. 5 PNdB. 
ft is also evident that the front quadrant noise is sup- 
pressed to the point that the aft end noise is now domi- 
nant. Also, note th' t configuration 2 (without wedges) 

1b about 3 dB noisier than configurations i and 3 (with 
wedges) in the front peak noise angle. This results 
from the lower throat Mach number and higher throat 
area for configuration 2 with the wedge blockage miss- 
ing. 

The spectra for the 60° angular position are com- 
pared in Fig. 19 for the baseline and configuration 1. 

The suppression is effective over the entire range of 
frequencies but is especially effective over the MPT 
tange and at the BPF (2000 Hz). 

PNL at the 60° angular microphone position o.or a 
range of thrust levels is presented in Fig. 20. Config- 
urations 2 and 3 are both noisier than the baseline at 
fan speeds up to 75 percent. This is probably due to in- 
creased turbulence in the diffuser section of the high 
throat Mach number inlet upstream of the fan and the 
Increased boundary layer thickness (Fig. 10) compared 
to the cylindrical inlet (Fig. 12) for the baseline config- 
uration. As the fan speed is raised above 75 percent 
the increasing Mach number then restricts forward 
radiated noise dramatically. The acoustic treatment of 
configuration 1 suppresses forward radiated noise effec- 
tively (approx. 5 PNdB) over the entire range of fan 
speedB up to takeoff thrust level. The measured noise 
suppression of the high Mach number inlets is selective- 
ly limited at fan speeds above 92 percent b} ; -iise 
"floor" caused by forward radiated aft- end noisr 
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Far field noise measurements at approach throat 
level for the baseline and the approach configurations 
are compared In Fig. 21. Perceived Noise Level la 
shown as a function of angular position from the inlet 
for the baseline and the two approach configurations. 
Recall that the baseline configuration has a standard fan 
nozzle area and that the approach configurations have a 
fan nozzle which was essentially 50 percent greater In 
area. Therefore, aft end noise comparisons should not 
be made even though fan Jet noise should not be a factor. 
Configurations 4 and 5 exhibit lower noise than the base- 
line over the range of angular positions but primarily 
from 10° to 90°. Suppressions of about 13 to 14 PNdB 
are observed at 40° to 50°. Again, for these configura- 
tions as for the takeoff configurations aft end noise 
seems to be dominant. 

The spectra for the baseline and configurations 4 
and 5 at the 60° angular position are compared In 
Fig. 22. The suppression is effective over the fre- 
quency range from 100 to 10 000 Hz and la especially 
effective In reducing the BPF tone by about 16 dB. 

PNL at the 60° angular position over a range of 
corrected fan speeds is presented in Fig. 23. Configu- 
ration 4 is noisier than the baseline at corrected fan 
speeds lower than 65 percent of design for reasons as 
previously noted for configurations 2 and 3. At higher 
fan speeds the increasing throat Mach number effective- 
ly suppresses forward radiated far-field noise. The 
treatment of configuration 5 effectively suppresses far 
field noise over the range of speeds below 65 percent. 

At speedB higher than 65 percent, the accelerating flow 
through the inlet then causes noise suppression compa- 
rable to configuration 4. 

PNL reduction from the baseline configuration at a 
forward angle of 60° is plotted as a function of Inlet re- 
covery In Fig. 24. The superior noise reduction of con- 
figuration 1 at high values of inlet recovery Is clearly 
evident. 

All the takeoff * onflgu rati one exhibited maximum 
PNL reductions fror > the baseline of about 17 dB. 

These maximum meai ured reductions were limited by 
forward radiated aft-ei d noise. The accompanying In- . 
let recoveries were above 0. 98, and the maximum dis- 
tortions in the wedge wakes were about 9 percent (Fig. 
15), and between wedges, 4^ percent. 

The appro ach configurations exhibited maximum 
PNL reductions from the baseline of about 12 dB. The 
reco r ery was about 0. 955 at this condition and the Incip- 
ient flew separation In the inlet proved to be a marginal- 
ly safe engine operating condition. This low Inlet re- 
covery which was noted previously Is even more notice- 
able In this plot of aeroacoustic performance. Referring 


to Fig. 25 (Fig. 6 (10)), the effect of Increasing the for- 
ward velocity from 0 to 41 m/Bec at a 12- dB reduction in 
noise raised the inlet recovery 1-| percent for a trans- 
lating centerbody type of approach configuration, in- 
creasing the recovery of the configuration reported here- 
in by lg percent would result In attainment of the design 
goal recovery of 0. 97. A similar Inlet instability was 
associated with the Ref. 10 configuration at static condi- 
tions. This condition was ameliorated also by the in- 
crease in forward velocity to 41 m/sec. 

By operating the takeoff configuration 1 (Fig. 24) 
with acoustic treatment at approach thrust, a PNL re- 
duction d about 5. 0 dB can be achieved with an inlet re- 
covery of 0. 997 and a distortion of less than 3. 0 percent 
(Fig. 15). 

Nummary of Important Conclusions 

1. The takeoff configurations exhibited maximum 
PNL reductions from the baseline of about 17 dB at an 
angle of 60° from the inlet measured on a 305- meter 
sideline. Hiese maximum measured reductions were 
limited by forward- radiated aft- end noise. The accom- 
panying inlet recoveries were above 0. 98. 

2. The approach configuration exhibited maximum 
PNL reductions from the baseline of about 12 dB at an 
angle of 60° from the Inlet measured on a 305- meter 
sideline. The accompanying recovery was about 0. 95 
and the Incipient flow separation in the Inlet proved to be 
a marginally safe engine operation at static test condi- 
tions. 

3. By operating the takeoff configuration (with 
acoustic treatment) at approach thrust, a PNL reduction 
of about 5. 0 dB can be achieved with an inlet recovery 
of 0. 997 and a distortion of less than 3. 0 percent. 

4. The contracting cowl high Mach number inlet has 
been shown to be an attractive means to reduce forward 
radiated noise from a high bypass ratio turbofan engine. 


Concluding Remarks 

The results of this Investigation alone may be mis- 
construed without reference to results from some small 
scale inlet tests reported In Ref. 10. The effects of 
freestream velocity and Incidence angle on aeroacoustic 
performance of high throat Mach number inlets can be 
significant. 

Even though the mini- bellmouth inlet used during 
this investigation was designed to provide an inlet flow 
which would approximate the flight conditions of ap- 
proach and takeoff, changes in ambient wind direction 
and speed during tests affected Inlet performance. The 
aeroacoustic performance and operational characteriB- 
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tica of the "marginal" approach configuration could be 
appreciably enhanced by the effect of forward velocity. 

Therefore, the unmletakoable conclusion to be 
reached Is that in any development program effects such 
as forward velocity and angle of incidence be determined 
along with full scale enp'ce tests such as those reported 
herein. ‘ 
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Symbols 

fan nozzle exit area 

Inlet minimum area (throat area) 

approach flight xmdltlon 

blade passing frequency 

fan tip diameter 

inlet highlight diameter 

Inlet >otal pressure distortion (maximum 
pressure - minimum pressure)/ average 
pressure 

decibel 

corrected net thru?* 

Hertz (cycles per secuuiij 

inlet length from highlight to diffuser exit 

leading edge 

average throat Mach number 
wall Mach number 

corrected fan speed 
perceived noise decibel 
perceived noise level, dB 
freest ream total pressure 
diffuser exit total pressure 


fan tip radius 

Inlet highlight radius 

fan hub radius 

flight cowl maximum radius 

inlet throat radius 

takeoff flight condition 

axial distance measured from highlight 

Incidence angle 

free stream corrected total pressure 

recovery factor (total pressure at fan iniet/am- 
bient pressure) 
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Figure 1. - Engine Noise Test Facility plot plan showing thrust stand, micro- 
phone array, control and noise instrumentation rooms. 








Figure 2. - Takeoff configuration showing the twelve wedges. 
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Figure 3. - Contract mg- cowl hlgh-throat-Mach- number inlet 
showing internal contour for various flight conditions and 
the static test lip utilized for performance evaluation. 
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Figure 4. - Contracting-cowl high- Mach- number inlet front view showing 
throat section and other key radii. (Note: all dimensions are in cm. ) 
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Figure 5. - Inlet parameter plot with design points and es- 
timated recoveries indicated. 
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Figure 6. - Design contour area ratios for approach and take- 
off configurations. 
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Figure 11. - Total and static pressure traverses at the fan inlet 
instrumentation plane for configuration 4. (approach, hard). 
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Figure 12. - Total and static pressure traverses at the fan inlet 
instrumentation plane for baseline configuration, (cylind'ical 
inlet with bellmouth). 
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POTENTIAL FLOW ANALYSIS (REF. 7) 
FOR CHOKING FLOW. AVERAGE MACH 
NUMBER AT THROAT (1 - D) “ 0.92 
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Figure 13. - Comparison of experimental data with potential flow 
analysis. 
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Figure 15. - The variation of inlet distortion with average Mach 
number at the throat for all configurations. 
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gure 16. - of inlet configuration on variation of corrected 
thrust with corrected fan speed. 
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Figure 17. - Effect of inlet configuration on variation of corrected specific 
fuel consumption with corrected net thrust 
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Figure 19. - Comparison of SPL spectra for baseline and takeoff 
configuration at takeoff thrust level. 
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Figure 20. - Comparison of PNL at the 60° position for baseline 
and takeoff configurations. 
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INLET RECOVERY. tj r 

PNL reduction as a function of Inlet recovery, 
approach configurations. 
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(b) TRANSLATING CENTERBODY INLET WITH SHORT DIFFUSER. 
Figjre 25. - Effect of free stream velocity on inlet performance. 
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